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ANALYSIE OF V-G RECCRDS FROM THE.
. ENB-1 ATRPLARE
%" By Valter G, Walker and May T.. Meadows

" Acceleration and airspeed data in the form of V+G records
cbtained on an SKB-1l trainer airplane were analyzed to determine
the loeds and speeds experienced during certain treining opera-
tions. By utllizing a method of analysis previously d.eveloped.
results were determined in the form of "flight envelopes" which
predict the occurrencee of large values of alrspeed and
acceleration.

As a matter of incidental interest, the results were com-
pared with results previously reported for another scout-trainer
airplane - the SNJ-4. The comparison shows large differences in
the frequency of occurrence of large values of acceleration and
airspeed. This result is probably attributeble to the fact that
the two airplanes are actually of qulte different types, not- -
withstanding their design to the same load end speed requirements.

INTRODUCTION

Severel sets of acceleration and airspeed date in the form
of V-G records were obtained on Nevy airplanes and transmitted
to the NACA for amalysis of applied load factors and epeeds. - -
Two sets of such data, together with supplementayry information
were supplled for two tralner class alrplanes, the SNB-1 and
the SNJ-4, in large enough quentities to be amalyzed by &
sta.tis‘bica.l method. The SNJ-4 date obtained dwring training
operations were analyzed by the method of reference 1, and the
resulte of the analysls were presented in reference 2. The
V-G records taken on the §NB-1 airplane type during training
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operations have been simila.‘rly a.né.lyz'ed and the results are pre-
sented herein,

Both the SHB-1 and SKJ-4 airplanes are classed as scout
treiners, and they were designed to meet the same load-factor
requirements. The SNB-1 airplane, however, 1s a twin-engine
six-place cabln alrplane, whereas the SKRJ-4 is a two-place alr-
plane of substantially smaller size and greater maneuverability.

Because of these considereble dissimilarities in airplane
characteristics and in the implied menner of operatlion, 1t might
be expected that substantially different applied loads and speeds
would be imposed In the two cases, notwithstanding the similarity
in type designation and design requirements. The results of the
analysls of the SNB-l data were, therefore, compared with the
results previously obtained for the SNJ-U4 in order to disclose
any differencee in the applied loads and speeds. The comparison
shows that the SNB-1l ajrplane was subjected to substantlially less
severe loads and speeds than the SNJ-k.

The SNB-1 data were supplied by the Navy under authority
of the Bureau of Aeronautics letter, file Aer-E-2411-JK, serial
no. 64187, dated 18 April 1945, and the SNJ-L data were supplied
under authorlty of the Bureau of Aeronautics letter file
Aer-E-2411-JK, dated 16 January 1945.

SCOPE OF DATA

Thirty-three V-G records having a total flight time of
561 hours were availlable for the SKB-1 analysis. Fairly com-
plete supplementary information glving the type of mlssilon
flown, operating welghts, number of pilots per record, -opera-
ting altitude, etc., was also avallable. Since the method of
analysis used (reference 1) required a reasonebly uniform flight
time per record, the 32 records in the range 15 to 24 hours with
total flight time of 526 hours were used for the analysis.

Only 4O of the 78 aveilable records for the SNJ-L were
analyzed in reference 2 to meet the requirement of reasonably
uniform flight time per record.

The characteristics of the SNB-1 and SNJ-L types, together
with the sources fram which these data were obtalned, are given
in tables I and II.
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Table III gives a IMreaklown of the data to show the percent
of total flight time spent on ccmpmble missions for the
Sl(B-*landtheSNJ-ll-.-- R TS

- . L oy

mmm

Themthodusadtoemmtethedamof thisreportis
described in references 1 and 2. - The frequency distributions
shown in table IVfcrthaSNB-lairplaneswereuaedtoprepare
the probabllity curves of the maximum indicated alrsgpeed Vm,

the maximm positive or negative acceleration inorement Admx,

and the indicated airspeed. Vos &t which the maximum positive
or negative acceleration lncrement is experienced. The average
values of the distributions Viay, Aopay, and V, are given

at the bottom of tadle IV together with the standard deviations
of the distributicns oy, 0an, and o,, respectively, and the

coefficients of skewnéss of the distributions ay, any, ‘and ag,

respectively, as computed by the method of reference 1. The
term "probabllity,” in the sense used herein, may be interpreted
as the ratio of the mumber of records in which & given event
occurs to the total number of records used.

I
LY

Figures 1, 2, and 3 show the probebilities Py, Pan,
and ¥P,, of exceeding given values of Vpay, Obpgay, and Vo

respectively, for.the SNB-1l airplane, In figure 1}, for enmple,
the Probability of exceeding a maximum indicated a.irspeed. of

250 miles per hour is 0.025 or, in terms of records, this value
of ailrspeed will be exceeded, on the average, on ocne record in
4O records. Figures 2 and 3 may be 1nterpreted. in a similar
manner, Also shown in these figures are the cumlative frequenocy
distribution points obtained fram the relative frequencies of
table IV to illustrate the agreement of the basic date with the
probabllity curves. The necessary extrapolations of the curves
of figure 3 were mede by the "straight-line" method developed in
reference 2, -The extrapolation of ‘the V, ocurve for positive
accelerations starts at 215 miles per howr, the maximum level-
flight speed of the airplane, and the thra.pola.tion of the
negative YV, .curve starts at 180 niiles per hour, the normal
oruising spaed.. .

The values of P, PAm and  IP, of figures- 1, 2, a.nd.3
were used to derive -flight envelopes.. These envéelopes are such
that, on the average, in a stated number of flight hours, the
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envelope will be exceeded by one positive and one negative accelera-
tion increment, and by one maximm airspeed. - Figure 4 shows the
£light envelopes derived for the SNB-l airplanes for 250, 500,

and 3,000 hours of operetion and the composite V«G record for .

561 fught hours.

Figure 5 shows the results for the SKJ-4 airplans obtained
in the same mannsr as for the SKB-1l from the data of reference 2,
It is to be noted in figure 5 that the flight envelopes predict
accelerations ccnsid.erably groater than those corresponding to
Clpay &nd Cm 1 This result was obteined since derivation

of the flight env'elopes is esaentiauy an extrapolatioh process
that breeks down at reglons of discontinuity in physical phencmena.
Considering this fact, no rellance should be placed in the
envelope where it exceeds the Cp .. and GNmin curves.

The design V-n diagrams presented im figures 4 and 5 for
comparison with the flight envelopee of the SNB-1l and SNJ-L air-
_planes were developed in accordance with the epecifications of

reference 3, Sima no data were glven on the maximum normal-
force coefficlents and because values were needed to gomplete the

designd.ia.grams, the values of cNma.z“ao and 01; l =-10 were
arbitrarily chosen.

In order to have & direct comparison of the average time
to exceed given velues of accelerations and speeds, figures 6
and 7 were prepared. The curves shown In these flgures were
plotted from figures 1 and 2 for the SNB-1l and from the corre-
sponding figures of reference 2 for the SNJ-4, by introducing
the flight time factor as explained in reference 1.

DISCUSSION

The flight envelopes developed are in reasona.ble agroement
with the composite flight envelopes of the available V-G records.
Figure 4, for.example, shows that the 500-hour envelape campares
well with the 561-hour composite. Two positive and two negative
accelerations of the SNB-1 composite exceed the f;l.ighl; envelope
while only one negative acceleration of the SKJ-4 camposite
(fig. 5) exceeds the flight envelope, instead of ome positive
and one negative ooccurrence which was predicted (reference 1).

. This is considered good agreement in view of the limited amounts
of data available for analysis., Close agreement of the basic
date with the probability predictions éan be expected. when large
masges of data are analyzed.
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Camparison of the flight envelopes of the SNB-1l and the

. SiJ-4 types shown in figures 4 and 5, respectively, indicates

" large difference in the predicted flight envelopes of the two
types. It is seen in figure 4. that the 500- and 3000-hour flight
envelopes of the SNB-l do not exceed the design-limit load faoctors
at any point of the diagrem and the 3000-hour envelope exdeeds the
restricted speed by only a small margin. On the. other haml,

figure 5 shows that the SNJ-k flight envelopes for 500 and
3000 hours excsed the design-limit load factors over & considerable
range of gpeed and the restricted spesd is axceeded by a large
amount. Averege conditions for the gets of data used, as shown
in figures 6 and 7, indicate that the SKJ-U airplape loads can

be expected to reach the design~positive-limit load fa.otor about
once in 200 flight hours apd the design negative limit aboit’
once in 2000 flight hours, while the restricted speed will be
exceeded approximately once in every 6 flight hours. = Inspec-
tion also shows that the SNB-1 type would not be expegted to exceed
the design-limit.load fa.ct?rs in either the positive or negative
direction in less than (0)/ flight hours and the reatrioted speed
only about cnce in 1000 £light .hours.

Inspection of supplementary data forwarded with the V-G
records:-indicated that direct comparison on the basis of particular
mission was not possible although both airplane types were flown
on compareble missions part of the time. Therefore, an anmalysis
of the data for both types was made on the basis of classifying
the missions in four general categories as shown in table III.
Sufficient data on both types for comparison existed only in the
ground-attack category. Detailed inspection showed the SNB-1 was
used only for strafing while the SNJ-L was utilized for diving
and bombing under the ground-attack category. It is seen in
this table thatthe percent of time spent in maneuvers that would
be expected to produce high values of acoeleration and airspeed
1s much greater for the SKJ-4 than the SNB-1 type. When the
SNJ-4 records covering only one mission per record were examined
for the effect of mission on the load factors and airspeeds
experienced, 1t was found that the acrobatic category did show
higher average values of loads and speeds than the attack and
straight-flying categories,

Other possible reasons may be advanced to explain the more
conservative operetions of the SNB-1l than the SKJ-l4 airplanes,
although no proof exists to support such contentions in commec-
tion with the data used herein. The amount of experience of the
group of pilots that flew eagh type may not have been the same
and one group might have exercised more caution in flight than
the other group. Also, it would be expectod that the twin-engine
SNB-lwouldbeha.nd.led'bythepilotwithmore care than the

5
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smgle eﬂgine siw-u ty;pe in ' view of the fa.ct that-in most flights
the SKB-1 carried & siX-man crew, whilé msa¥ly &ll the flighte_ of
the SKJ-¥ were 'Solo, “In-addition, since if is a larger and
heavier” type, the SNB-l 18 less maneuvemble tha.n ‘thie SNJ'-ll-

CONCLUSIORS

- The availa.'ble data obtained on SNB-1 trainer-class a.:l.'z'planes
were enalyzed and the Tresults are presented ag "flight envelopes”
which pred.ict ‘the occurrences of -large values of &irspeed and
accelexraticn. ' ‘Comparison is made ‘with SNJ-% trainer-class -
airplane data analyzed by the same method. Whille the ‘two-types
‘are designed to the same strength factors, they differ coneidembl;y
in configura.tions and the data are not strictly comparable becduse
utilization of each type in treiner operations was d.ifferent
However, the following conclusions can be drawn: '

1. The flight envelopes developed by the method of analysis
-used. represent +the data. in a eatisfa.ctory manner.,

2. Ccmpa.rison of the results of each type shows large 4if-
ferences 1n the flight loa.d.e ‘and speeds experienced.

3. On the basis of the method used and considering the
-limited amoumts of data available for analysis, the SRB-1 will
seldom, if ever, -exceed “the design-limit load factor - and the
restricted speed willl be exceeded Very geldom during the airplans
lifetime, while the SNJ-4 airplene can Be expected to exceed the
d.eeign-limit load factor-and restricted-speed in a very sma.J_'L
number of flight hom's.

Lo N

ngley Memorial Aeromautical Laboratory
"Natiopal Advisory Committee for Aeromutios
Langley Fileld, Va.
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TABLE I

CHARACTERISTICS OF NAVY SNB-1 (ARMY AT-11) ATRPLANE

Maximum design gross weight (reccmmended), 1b . , . .

Gross welght at take-off (as flown,

Wing area, sq £t . . .
W/E, Ibfeg £t . . o v .
Wing span, £+ . « » «
Mean aerodynamic cohord, in,
Aspect ratio . . ¢ . ¢ o &
Normal crulsing speed, mph .
Maximm speed in level flight

Maximm restricted speed (IAS), mph .
Center-of-gravity renge, percent M.A.C. , .
Design applied loed factors, g units . . .
Bervice ceiling (7850 1b), £t « « « o « & &

e o o o 9300

V-G records), 1b . . . . 8200

® o e @ 8 ® & e 5 ¢ & ¢ = o ¢ ¢ 3"’9
s 4 ¢ e a&a & o9 & & © & o » p o 23.5
e e 9 @ & o 8 & p * 0 & o s & l"7.7
e @ & ® & 9 ° 5 o ° o 5 s a o 96.6
e @ ® e e ®» ® 8 o © 8 *» o & & ¢ 6-5
@ ® @ 6 o o @ 5 P 58 P O s @ ¢ ¢ l&)
(78%0 1b et 5000 £t) mph ., . . 215
L ] s 8 6 8 © o 6 o 9 253

s e o o s s« 16 %030

e o 5 2 ° » o o 6t°-3

® ® & e ¢ & ¢ o 22,"‘%
I....I..I....lllle

Number of engines « « « ¢ « « «

Note: The above table was prepared fram:

AAF Tech. Order, AN-0l~90KA-2
AAF Tech. Order. AN-01-90K-5

NATIONAL ADVISORY
COMMITTIEE FOR AERONAUTICS
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TABLE II- |
CEARACTERISTICS' OF NAVY ENJ-U (ABMY AT- 6D).AIRPLANE

Maximm design gross welght (recommended), 1b . . . .
Gross weight at take-off (as flown, V-G records), 1b

Wing area, sq £t
W/S, 1bfeq £t . .
Wing span, £t . .
Mean aerodyneamic chord, in.
Aspect ratio . .. . .« . &
Normal oruising speed, mph .
Maximum speed in level flight, mph
Maximum restrioted speed (IAS), mph .

CRIIITIIN
\JII.I...I...
*g -

5

]

Center-of -gravity rangs, percent M.A.C. 25.6
Design applied, load factors, g units . . to -3
SerV'lce Geiling, ft e ® ® @6 ® @ ©® 5 e ® 8 5 & & ° & o e al,m
Nmber of emines [ ] [ ] L ] [ ] L] [ ] [ ] [ ] L] L] L] [ ] - L] [ ] L ] [ ] [ ] e L ] [ ] L] L ] 1

Note: The above table was prepared fram:

Navy Tech. Order. ANOl-60F-2
Navy Tech. Order. ANOl-60FE-1,
revised 15 Feb. 1945.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IXI

OPERATING CONDITIONS UNDER WHICE V-G RECORDS WERE TAKEN

ON THE SNB-1 AND SNJ-4 AIRPLANES

i Percen:b of time per mission
Type of mission - :

8NB-1 SNJ-U

Combat acrobatics 0 48.8
Alr attack 32,5 1.6
Ground attack holt . 35.2
Straight flying 25,1 1,k
Total 100.0 100.0

Note: The values glven above are besed

on 33 SNB-1 records for 561 rlight
hours and on 78 SNJ-4 records for
275 flight hours.

RATTONAL ADVISORY
COMMITTEE FOR AEFRONAUTICS




TABLE IV

FREQUENCY DISTRIBUTIONS AND PARAMETER VALUES FROM SNB-1 V-G RECORDS

Vm distribution

Positive accelerations

Negative acceleretlons

Vmax Fro- Annnx Fro- Vo Fro- Anm Fro- Fre-
{mph) |quency (g units) |quency] (mph) Jquency | (g units) |quency| (mph)
200 - 204 1 0.70 - 0,79} 3 130 -139] 1 0.20 - 0.29] 2 [120 - 129} 2
205 - 209] 2 0.80 - 0.89] 2 {10 - 149} 21 0.30 -0.39 0 {130 -139} 3
210 - 214 3 0.90 - 0,991 7 |150 - 159 6 0.40 - 0.49] 3 J1k0 - 1h9}| &
215 - 219 5 1.00 - 1,09 & 160 - 169] 7 0,50 -0.59 % J50 -159| 5
1220 - 224 & 1,10 - 1,19 1 {170 - 179] & 0.60 - 0.69] 5 [160 - 169| 7T
205 . 229] T 1,20 - 1,291 6 180 - 189} 6 0.70 - 0.79] T [70 -179( 5
230 - 234 3 1,30 - 1.39] 3 (190 - 199] 3 0.8 - 0.89] 6 18] &
235 - 239] 2 1.0 - L.Ag| 1 -2090 1 0.90 - 0.991 2 9o -199] 1
240 - 2y 2 1.50 - 1.59{ 1 -2191 o 1.00 - 1.09] 1 Je00 - 209] 1
o245 - 249 3 1.60 - 1,69] 2 -229] o0 1.10 - 1.19] ©
" 1,70 - 1.79] 1 -2391 2 1.20 - 1.29} 2
1.80 - 1.89{ 0 - 249 1
1.90 - 1,99{ 1
Yooy = 225.78 By = 117 = 177.50 oy =072 | T
g, = 11.90 Opn = 0.30 oo = 25.13 Oan = 0.23 do = 19.60
@, = 0.17 An = 0.69 @, = 1.05 Gp, = 0.19 @, = -0.01

RATTONAL ADVISCORY

COMMITTEE FOR AERONAUTICS

BL2H9T *ON ¥W
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